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processes and thermal stratification are important phytoplankton community regulators (Gomes & Miranda, 2001 ). Morais et al. (2010) , for example, showed mixing processes of subtropical reservoirs few days prior to a cold front passage. Reservoirs with longer water retention times provide ideal conditions for phytoplankton blooms, by retaining algal biomass for longer periods (Soares et al., 2008) . However, mixing process may trigger algal blooms when nutrients are ressuspended and newly available in water layer, as shown by Nogueira et al. (2010) .
While light and temperature are forces that drive annual patterns in phytoplankton assemblages, in temperate waters (Reynolds, 2006) , in subtropical areas the primary productivity seems to be influenced by the natural variability between seasons (Schneck et al., 2011) and hydrological conditions (Nogueira et al., 2010) . Thus, knowledge of spatial heterogeneity and temporal patterns of these reservoirs, can provide subsidies for the elaboration of proposals for handling and management of the basins which allows to establish a continuous monitoring in these systems.
In Brazil, despite the large number of cascading reservoirs, microalgal ecology studies in such systems are still few and recent (Barbosa et al., 1999) ; In southern Brazil, where there are well defined seasons, to date, there are no published studies of complete cascading systems. The area that constitutes the Jacuí River is one of the main hydrographic basins in the state of Rio Grande do Sul, with importance in the production of energy, supply of adjacent populations and source of resources for agriculture (CEEE-GT, 2010a, b) . This system has not been studied in the context of cascade systems. In the upper Jacuí course, only Dona Francisca reservoir, to our knowledge, has been studied to date (Torgan et al., 1981; Werner & Laughinghouse IV, 2009; Schneck et al., 2011; Rodrigues et al., 2012) and Itaùba reservoir (Cassol et al., 2014) .
Introduction
A cascading reservoir system is formed when a series of dams is constructed along the course of a river. The interconnectivity among the reservoirs may be observed along the system through patterns described in the Cascading Reservoir Continuum Concept by Barbosa et al. (1999) . The concept postulates that a progressive reduction of trophic state should be expected along reservoir cascades, also observed by Padisák et al. (2000) in the Tietê basin. However, Nogueira et al. (2010) observed in Paranapanema basin increased trophic conditions (and phytoplankton abundance) in the mid cascade zone. However, each reservoir also exhibits a horizontal and vertical gradient and their trophic state results of complex interactions of natural and artificial causes (Esteves, 1998) . Typically, reservoirs are horizontally structured in three zones: the first one, where the water flows in, is characterized as a river zone (lotic), with elevated turbidity. The second is a transition zone, with increased light availability, and consequent increase in phytoplankton. Finally a lake zone (lentic) is located near the dam, where primary production is often decreased due to nutrient limitation (Kimmel et al., 1990) .
In South America, construction of river dams for hydropower generation has been intensified since 1950 (Tundisi & Matsumura-Tundisi, 2003) , with several cascade systems operating in large rivers. The increasing number of reservoirs shows their important role for human populations, such as power generation, supply and recreation (Tundisi & Matsumura-Tundisi, 2003) . Their imposition on natural systems, however, causes significant modifications of hydrology, morphology and riverine habitats, changes which have been well documented (Smith et al., 2014) .
Reservoir water quality is a result of several interacting factors, including morphometrics, surrounding vegetation, land use, water retention time and environmental conditions (Tundisi & Matsumura-Tundisi, 2003) . Also, mixing limnológicas dos reservatórios de água Ernestina e Itaúba, localizados no curso superior do rio Jacuí, RS, Brasil. Métodos: Campanhas amostrais foram realizadas sazonalmente de janeiro de 2012 a fevereiro de 2013, com quatro estações amostrais dentro de cada represa e em três diferentes profundidades. As unidades amostrais foram determinadas de acordo com as três zonas do reservatório: zonas de rio, transição e lago. Resultados: Foram identificadas 91 espécies fitoplanctônicas em Ernestina e 130 em Itaúba. Não houve diferença significativa entre padrões verticais e horizontais, pois a comunidade respondeu a mudanças sazonais e as características especificas de cada represa. Conclusões: A riqueza de espécies e a transparência da água aumentou a jusante do sistema e alterações no tempo de retenção da água foram importantes para densidade e composição de células.
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Thus, this study aimed to identify which conditions shape phytoplankton community structure, through analyses of spatial and temporal patterns, associated to limnological variables and environmental conditions in two reservoirs of a cascading system in the upper course of the River Jacuí, southern Brazil. We hypothesized that the phytoplankton community will show horizontal structuring according to three zones: river, transition and lake (Kimmel et al., 1990) and that vertical distribution will be mostly regulated by light availability. Furthermore, the reservoirs will present spatial heterogeneity because they present distinct water retention characteristics, occupation of the environment and morphometry, and also by the influence of the cascade damming system.
Material and Methods
The River Jacuí is located in Rio Grande do Sul state, Southern Brazil, with 710 kilometres in length. Along its upper course, five water reservoirs comprise a cascade system (Upper River Jacuí Reservoirs) used for hydroelectric power generation (CEEE-GT, 2010a, b) . The drainage area essentially consists of agricultural land and pastures, with the presence of several small towns, but no significant industrial activity. The hydroelectric power stations (HPS) of Ernestina and Itaúba are the first and fourth dams, respectively, along the system. Table 1 gives a summary of the main characteristics of these water bodies. Itaúba Reservoir, built 21 years after the reservoir of Ernestina, has higher total volume of accumulated water and a greater depth, characteristics that compose the run-of-river type and present a greater potential of energy generation. Conversely, Ernestina is a dam with a greater perimeter and water retention time.
For this survey, water samples were collected in four occasions (between January 2012 and February 2013) in the two reservoirs, with three sampling sites in Ernestina and four in Itaúba. The sampling sites were determined according to three zones -river, transition zone and lake -as described by Kimmel et al. (1990) , (Figure 1) . Also, three depths were sampled at each site: surface; depth of disappearance of the Secchi disk, and lower limit of the photic zone, established as three times the depth of disappearance of the Secchi disk, where Source: CEEE-GT (2010a, b). intensity of radiation equals 1% of that reaching the surface (Esteves, 1998) . Phytoplankton samples were taken using a five litre Van Dorn bottle, filtering the contents through a 2.0 µm mesh plankton net, preserved on site with 1% acetic lugol solution. The water samples were filtered in a plankton net to allow transport of the material to the laboratory, because of the large number of flasks that corresponded to the sampling stations and their respective depths in the two reservoirs.
The following limnological variables were measured in each sampling site: water temperature, dissolved oxygen, electric conductivity, pH and total suspended solids were measured according to APHA (2005) ; water transparency was calculated with the depth of disappearance and reappearance of the Secchi disk. Total phosphate content of water was determined by inductively coupled plasma-optical emission spectrometry (ICP-OES) (values below the limit of detection have been replaced by the value of the limit of detection). All of the abiotic variables were obtained in the same occaions as the biological ones. Vertical profiles of water temperature and dissolved oxygen were measured in Ernestina and Itaúba reservoirs at two sampling dates using a handheld multi-parameter probe (Horiba-HU40). For reasons of availability the probe was used only in the last two sampling campaigns, and the profiles were measured up to six meters, representing the lower mean limit of the euphotic zone. Rainfall data of each municipality in the drainage area were acquired from the data base of the National Institute of Meteorology (INMET, 2013) . Rainfall data for the Ernestina reservoir were obtained from the Passo Fundo meteorological station, 33 kilometres away from the lake. For the Itaúba reservoir, rainfall data were obtained from the meteorological station in Cruz Alta, 90km away from the lake. Inflow and outflow data of each reservoir were given by the National Operator of the Electric System (ONS, 2013) . Water retention time for each reservoir was calculated according to Spellman (2008) .
Phytoplankton genera were identified according to the system of Bicudo & Menezes (2006) . Infra-generic taxa were identified using specialized publications. Quantitative analysis was carried out according to Utermöhl (1958) using an inverted microscope. For the density calculation, the value of the sedimented volume used in the formula was recalculated so that the sample represented the relative proportion to 5 liters, by a cross-multiplication. Counts were performed in random fields. Biovolume of phytoplankton was estimated following the equations given by Hillebrand et al. (1999) and Sun & Liu (2003) .
Structural patterns in the phytoplankton community were analysed using cell density and environmental variables by Non-metric Multidimensional Scaling (NMDS) of the Bray-Curtis similarity matrix. Vectors of the limnological variables were adjusted to the resulting bi-dimensional map using the function EnvFit. Differences among sampling dates, sampling sites, and depths were tested using the analysis of similarity ANOSIM (cell density data). All analyses were performed using the Vegan package (Oksanen et al., 2009) 
Results
Throughout the sampling period for Ernestina and Itaúba reservoir, total monthly rainfall values were lower, with a noticeable increase only in Analysis of the horizontal profile in Ernestina showed less variation than showed by the vertical profile considering temperature. There was a decrease towards the lake zone, near the dam. Water transparency did not show marked horizontal structuring either.
Still in Ernestina, considering seasonal variations, the lowest transparency was found in May and September 2012 (Autumn and Winter), when total suspended solids were also highest ( Figure 5 ). In the Summer, water transparency was deeper near the dam, when total suspended solids were also lower. pH average values were 6.7 throughout the sampling dates, excluding September 2012, when it reached 7.2 ( Figure 5 ). Values of phosphate were only found above the 25 µg.L -1 detection limit in January 2012, with maximum of 150 µg.L -1 . In Itaúba, the photic zone had its greatest depth near the dam, in the lake zone of the reservoir, decreasing gradually towards the River Ivaí confluence, excluding the values obtained in August 2012 when the greatest transparency was found in the river zone. In May 2012 (Autumn) the highest transparency value was found, with the lowest value in August 2012 (Winter). pH in Itaúba generally was slightly acidic, towards neutral. In August, however, 9.2 was found in most sampling stations. Electric conductivity had a narrow range between sampling units. Phosphate values were above the detection limit only in February 2013 ( Figure 5) .
Phytoplankton community structure
91 species were identified in the phytoplankton community of Ernestina in total, distributed in nine classes: Chlorophyceae 34%, Cyanophyceae 23%, Bacillariophyceae 14%, Zygnemaphyceae 9%, Euglenophyceae 7%, Dinophyceae 6%, Cryptophyceae 4%, Chlamydophyceae 2% and Crysophyceae 1%. 11 of these were exclusively found in this reservoir. The highest species richness was found in the last sampling date, January 2013, and the lowest was found in September 2012 ( Figure 6 ). It is interesting to point out that species richness was high in the lower limit of the photic zone, usually greater or the same as the number of species found in the surface (17 species in average).
Qualitative analysis of phytoplankton in Itaúba reservoir revealed 130 species belonging to ten different classes, distributed as follows: Chlorophyceae 41%, Cyanophyceae 16%, Bacillariophyceae 14%, Zygnemaphyceae 8%, Dinophyceae 8%, Chlamydophyceae 4%, Cryptophyceae 3%, Euglenophyceae 3%, Xanthophyceae 2% and Crysophyceae 1%. 50 species were exclusive of this reservoir. The highest species richness was found in May 2012 and February 2013, with an average of 28 species per sample (Figure 6 ). The lowest species richness, on the other hand, was found in August 2012 (average 7.4 species per sample) due to the dominance of Ceratium furcoides (Levander) Langhans.
The greatest cell density was also found in the winter -1101 cél.ml -1 , in the central zone of the Itaúba reservoir during August 2012 (winter). For biovolume results, phytoplankton classes in both reservoirs are shown in Figure 7 . Bacillariophyceae comprised a great portion of the algal biovolume in the first half of 2012 in Ernestina, while Dinophyceae became more important from September until the last sampling trip. Cyanobacterial biovolume was mostly low, only becoming important in the lake zone, close to the Ernestina dam and Chlorophyceae biovolume values were more pronounced in both summer campaigns, January 2012 and January 2013.
The species found with values above 5% of the total biovolume of any sample are in Table 2 . It is possible to notice that among the most representative species in biovolume, Aulacoseira granulata var. angustissima (O. F. Müller) Simonsen was conspicuous in the first half of the sampling period. After a reduction of this species, a gradual substitution was observed, with the increase of Ceratium furcoides (Levander) Langhans at the Ernestina dam.
Although dominant regarding richness, Chlorophyceae were abundant only in January 2012 in Itaúba reservoir. Dinophyceae increased in biovolume until August 2012, when a peak of this class was reached, decreasing again towards the end of the sampling period. Cyanobacteria were found mostly in the summer also in this reservoir, January 2012 and February 2013. Species of Chlamydophyceae had their highest biovolume along with the Dinophyceae (Figure 7) .
The species found with values above 5% of the total biovolume of any sample in Itaúba are in Table 3 . The results indicate that the first sample campaign was represented by a larger number of species, when compared to the other samplings. It was noticed over the sampling period that the dinoflagellate species Ceratium furcoides, Peridinium gatunense Nygaard, P. umbonatum Stein, and P. lomnickii Woloszynska were predominant in biovolume. Figure 8 shows bidimensional maps resulting from NMDS analysis, using data from four sampling dates in Ernestina (8a) and Itaúba (8b) reservoir. In Ernestina, the graph displays a seasonal pattern in the phytoplankton community structure, associated with limnological variables. Summer sampling dates -January 2012 and 2013 -were associated to higher temperatures and a slight increase in water transparency. In turn, samples taken in May and September 2012, representing autumn and winter, were linked with increases in total suspended solids and pH.
Considering Figure 8b , samples collected in January 2012 and February 2013 in Itaúba reservoir were associated to increases in water temperature, density decrease of Dinophyceae and slight density of Cyanobacteria (Figure 7) . High values of total suspended solids and pH were associated to the higher concentration of cells found in August, due to the intense growth of dinoflagellates. In May, an increase in water transparency was also evidenced by the analysis. Analysis of similarity (Anosim) showed significant differences in species richness and structure between sampling dates in both Ernestina and Itaúba, but no differences between sampling sites, showing no significant spatial structuring of the community, as shown in Table 4 .
Discussion
Significant differences in the composition of the phytoplankton community were observed only among sampling dates, indicating a strong time-based pattern in the organization of the community. Dissimilarity between communities tends to intensify with increased distance in time (Schneck et al., 2011) . The lack of significant differences in spatial organization, both vertically and horizontally, indicates a uniform profile in the reservoir, where the different compartments do not seem to be the main community structuring factor. These results are according with mixing and stability conditions of the water column found, respectively in winter and summer, at Ernestina e Itaúba reservoir. Tundisi et al. (2004 Tundisi et al. ( , 2010 suggested that water masses tend to mix during winter due to cold weather fronts, lowering water temperature in the surface. However, several authors have been describing divergent patterns in winter (Branco et al., 2009; Morais et al., 2010) .
The highest cell density in the Itaúba reservoir was found after a period of increase of the average residence time from 19 (general average) to 36 days (May to August). Slight Increased water retention time was important in structuring Itaúba reservoir with marked decrease of species richness and increase in dominance of a few species. Increased cell density related to increased water retention time, was also described for other Brazilian reservoirs (Ferrareze & Nogueira, 2006; Perbiche-Neves et al., 2011) . Such environmental conditions favored the development of Ceratium furcoides in high densities, a species adapted to longer water retention periods. On the other hand, In Funil reservoir, Northeastern Brazil, short water residence time caused high chlorophyll *range = -1 to 1 (-1:total similarity and 1: total dissimilarity). Acta Limnologica Brasiliensia, 2017, vol. 29, e17 concentration, due to nutrient enrichment and abundant water flow (Moura et al., 2013) . A similar relation to the increase in cell density associated with the retention time occurred in the Ernestina reservoir, when the highest densities near the spillway coincide with the longer water retention times in 436 days, from March to June, while the general average found was 198 days. However, it was not possible to perceive a change in the phytoplankton community and changes in the representativeness of the class Bacillariophyceae and during this period of growth. When comparing the species found in the reservoirs it is possible to perceive a clear difference in phytoplanktonic composition since these dams have very different characteristics such as morphometry, surrounding vegetation, water retention time and construction. For example, depth of disappearance of the Secchi disk was four times greater in Itaúba compared to Ernestina. Enhanced light penetration causes favourable conditions for the development of phytoplankton. Ernestina is the first reservoir of the cascading system, and receives more drainage water from the surrounding land, with high content of suspended solids, decreasing the depth of the photic zone. Suspended solids intercept scattering of solar light, consequently affecting primary production. On the other hand, in Itaúba reservoir the presence of dense vegetation surrounding the lake and obstructing the wind, increased water transparency and increased retention time were favourable conditions for the greater phytoplankton cell density. Such conditions were also reported by Soares et al. (2008) in another lake in Southern Brazil.
Alkaline pH (between 8.2 and 9.3), and heterogeneous temperature profiles of the water column were present in high densities of Ceratium furcoides from 100 cél.ml -1 . This dinoflagellate species has been reported occurring in alkaline pH in other reservoirs in Brazil (Matsumura- Tundisi et al., 2010; Silva et al., 2012) , South America (Gil et al., 2012; Silverio et al., 2009) , Europe (Ginkel et al., 2001; Echevarría & Rodríguez, 1994) and Africa (Donagh et al., 2005) . Our results showed that high cell densities were registered in sampling sites with alkaline pH and also high dissolved oxygen level, which may be associated with increased phytoplankton photosynthetic activity.
In total, 148 species were identified in the two reservoirs of the cascade system. This number was lower than the 336 taxa observed by Schneck et al. (2011) in Dona Francisca reservoir, which is situated in the same system, but further downstream of Itaúba and Ernestina. These authors also observed Chlorophyceae as the most species rich group, similar to the situation we found. Other studies have reported this group as the main contributor to richness in phytoplankton communities, such as Nogueira et al. (2010) in a cascading reservoir system of the river Paranapanema, Padisák et al. (2000) and Silva et al. (2005) in the River Plata and Borges et al. (2008) in the River Iguassu. Rodrigues et al. (2007) have found high richness of green algae in the River Jacuí Delta, and concluded that they are favored by increased average temperatures.
Density, biovolume and richness of planktonic diatoms (Bacillariophyceae) were more significant in Ernestina, with isothermal conditions, indicating mixing of the water layers in the first half of 2012. These homogenous conditions may limit primary productivity of plankton and cause increase in suspended materials in the water column, favouring species which are adapted to these conditions, such as A. granulata var. granulata (Reynolds et al., 2002) . Heterogeneous conditions of temperature and dissolved oxygen indicate less stability of the water column in Itaúba, intensifying the development of Ceratium furcoides, species that is sensitive to mixing (Reynolds et al., 2002) .
Some trends described by Barbosa et al. (1999) for the cascading reservoir continuum concept, such as decreasing suspended matter, increased mixing depth and increase richness species along the system were found in our study. However, phytoplankton distribution patterns and water temperature responded to local features of each reservoir, not following the continuum assumptions. Silva et al. (2005) , Nogueira et al. (2010) , and Perbiche-Neves et al. (2011) also found patterns in cascading reservoirs that did not conform to the continuum concept. Thus, morphometric features of each reservoir as well surrounding land use rise as the important influential factors on community structure (Borges et al., 2008) .
Conclusions
Phytoplankton community structure in the Jacuí Cascade System responded to seasonal variation and to each reservoir set of characteristic. We suggest, for purposes of monitoring and maintaining the water quality of the Jacuí River Basin, that these primary community regulatory forces should be considered, so that adequate measures can be established for each reservoir and allow a continuous assessment of the system. Designing a management system that promotes the integration of biotic and abiotic data is essential to these resources of recognized importance for the population and the country's power generation.
